Abstract: This study examines the relationship between street-level urban design perceptual qualities and walking behavior in the City of Dallas. While the city has the potential to experience growth in pedestrian activities, it exhibits a very low level of walking activity, placing it as one of the least walkable cities in the nation. To assess the impact of urban design qualities on walkability, we collected data on 23 features related to urban design, 11 built environment variables characterized as D variables comprising diversity, density, design, distance to transit, and destination accessibility. The sample included 402 street block faces in Dallas Downtown Improvement District. Accounting for spatial autocorrelation, we found that two urban design qualities, among five, including image-ability-such as a memorable quality of a place, and transparency-as to what degree people can see beyond the street's edge-significantly influence pedestrian volume in downtown streets. These findings are in agreement with the two previous studies that used the same methodology in different cities (New York City, NYC and Salt Lake City, UT). According to the findings of these three studies, the other urban design qualities including human scale, complexity, as well as enclosure, are not playing a significant role in walkability, despite the theoretical justification and the extensive operationalization efforts. The findings of this study draw policy makers' attention to creating more appealing and walkable places through the implementation of these urban design qualities.
Introduction
Walking has been proved by previous studies to bring significant social, economic, environmental, and public health benefits to the society [1] [2] [3] . Walkability is associated with reduction of ecological footprint, energy consumption, and car dependency [4, 5] . Additionally, walkable metropolitan areas contribute significantly to attracting a higher level of educated people and creative class and retaining high-tech companies and innovative businesses that generate economic development [6] .
Despite tremendous research on the benefit of walking, the prevalence of a sedentary life is still high in the U.S. Over a period of 30 years, the number of walking commuters in the U.S has declined approximately half from 1980 to 2010 [7] . In 2014, about 48% of the U.S adults did not meet the public health guidelines for 150 minutes of moderate physical activities in a week [8] . Moreover, around 30-60% of the population are not involved in physical activities [9] . Therefore, the big question for planners, public health experts and policy makers is how to make our cities more walkable and what factors contribute to walkability. According to previous studies, socioeconomic status (SES) such as educational attainment and household income are strongly correlated with physical activity [10] . In addition to socioeconomic characteristics, built environmental factors such as density, diversity, design, destination accessibility, and distance to transit (also known as D variables) could significantly affect walkability [11] .
However, compared to neighborhood-level built environmental variables, there is little understanding on how street-level perceptual qualities might affect walkability. The reason is that there is little systematic effort to operationalize these qualities at the street level. Additionally, measuring them requires a detailed and intensive in-site data collection. These street-level factors, however, are relatively easier and less costly to improve than ones at the neighborhood level. Therefore, it is important for city officials, planners, and policy makers to have a better understanding of the role of these factors in providing more walkable environments.
It is also critical for a dynamic but auto-dependent city such as Dallas to move toward a more pedestrian friendly environment. According to a recent study by Leinberger and Lynch (2014) that compares large American cities in terms of walkability, Dallas holds the 25th rank among 30 cities though it has the potential to experience growth in a walkable development [12] .
Hence, the goal of this study is to measure urban design qualities and to investigate their impacts on walkability in Downtown Dallas. This study is one of the first that comprehensively examine such a relationship in Dallas, adding new insights on how to make this car oriented city [13] more pleasing for pedestrians.
This study used the same methodology taken by Ewing and Clemente (2013) and Ameli et al. (2015) to study urban design qualities in New York City, NY and Salt Lake City; Utah [14, 15] , while it seeks to overcome their limitations by including a larger sample size (402 block faces), there are other important variables and a refined methodology for data collection. We added a measure of noise level in the imageability computation through smart phone applications. We also added several control variables such as sidewalk coverage, employment concentration and number of parks among other control variables. Finally, this research accounted for the variations in peak and off peak periods by limiting pedestrian counts data collection to only during the peak hours and on weekdays. Our research team collected street level micro-scale data on 23 features related to urban design as well as 11 built environment variables and counted pedestrians. Our data collection covered 402 street block faces located in Dallas Downtown Improvement District (DID). We applied GIS techniques to measure land used and D variables for the 402 street block faces. Accounting for spatial autocorrelation, this study used Negative Binomial to examine how urban design qualities as well as D variables impact the level of pedestrian activity in each street segment located in the Downtown area in Dallas.
Mesoscale (Street Level) Built Environment and Walkability (D Variables)
The impacts of built environment on travel behavior and more specifically walking have been the subject of more than 200 empirical studies and two meta-analyses [11, 16] . In planning and transportation literature, the built environment at mesoscale (neighborhood level) has been heavily studied as 'D' variables since Cervero and Kockelman (1997) introduced the concept in 1997 [17] . The original three Ds are density, diversity and design. Subsequent studies included destination accessibility, distance to transit and demographics [11] . Research efforts have operationalized the built environment by these variables to provide explanations for trip frequencies, trip distances, vehicle miles travelled (VMT), mode choices, as well as pedestrian mode choice and walking frequency [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Measuring four of the five D variables (diversity, density, distance to transit, and destination accessibility) seems relatively straightforward. Scholars often measure density as population, employment, or building floor area per unit of area [11] . Diversity relates to the number of different land uses in a specified location. Travel behavior studies have widely used entropy as a measure of diversity in which high values pertain to diversity in land use and low values indicate single use dominancy. Destination accessibility can be either local or regional. Local accessibility measures the distance from home to the nearest store while regional accessibility considers the distance to the central business district (CBD) or the number of employment centers in a given time. The distance to transit is Sustainability 2019, 11, 2720 3 of 14 typically measured by the shortest route distance from home or workplace to the closest bus stop or rail station [11] .
Among the D variables, however, quantifying the design variable seems to be more complicated [14] . Design includes features attributed to street patterns, varying from highly dense, interconnected networks to cul-de-sacs and curving streets, forming what Southworth and Owens call ""loops and lollipops" (280). At the neighborhood level, design measures include the proportion of four way intersections, average block size, and the number of intersections per square mile [11] .
Microscale (Street Level) Built Environment and Walkability
The Street-level microscale design qualities are referred to as perceptual or experiential qualities such as those corresponding to pedestrian route choice, speed and volume [27] [28] [29] . These qualities are known to contribute to the experience of walking; however, there is little empirical evidence to support this relationship due to the need for extensive data collection and lack of measurement reliability [30] .
According to the literature, urban design features that make the street more walkable at the micro-level are pedestrian infrastructure such as presence of crosswalks, streetlights and sidewalks, green space accessibility, and qualities such as urban aesthetics, vacant or high-rise buildings, tidiness, quality of houses, block length, sidewalk coverage, graffiti, or presence of human activities [16, [31] [32] [33] [34] [35] [36] . In a recent study, Ewing and Clemente [14] developed procedures to measure nine "unmeasurable" qualities related to urban design. The research successfully created metrics for five urban design qualities, namely, imageability, enclosure, human scale, transparency, and complexity; however, they were unsuccessful in operationalizing four other qualities (i.e., linkage, legibility, coherence, and tidiness) from their original list [37] .
Two subsequent studies attempted to validate the developed metrics for those five measurable qualities [14, 15] . For example, examining the relation of urban design qualities to the number of walking pedestrians in New York City, Ewing and Clemente (2013) found that the operationalized metrics, to a great extent, explain the variations in the models, and that, among the five urban design qualities, transparency was more significant than others. In a recent study conducted in Salt Lake City, Utah, Ameli et al. (2015) investigated whether the same qualities impact walkability. The research concluded that both imageability and transparency are significantly related to walking traffic [15] .
More empirical evidence is needed to provide better understanding of how effective are these urban design qualities on attracting pedestrian activities. This study selects Dallas since the city is ranked among the least walkable cities in the country [12] and seeks to investigate the determinant factors for creating more pedestrian friendly streets in Downtown Dallas [14, 15] .
Materials and Methods

Study Area
This study seeks to investigate the perceptual urban design determinants of walkability for 402 block faces (from each intersection to the next intersection) in Dallas' Downtown Improvement District (DID). The DID is a special assessment area created at the request of the property owners, consisting of approximately 1777 properties, in the district that was established in 1992 and was renewed in 2001, 2006, and 2013 . Within the study area, there is a vibrant mix of uses consisting of a residential neighborhood in the Southern part, a transit hub, and a lunchtime mainstay at the Northern and Western parts, servicing workers and out-of-town visitors, and Union Station and institutional buildings in the South and East for federal and local governmental entities.
The study area covers block faces situated in the Main, Young, Elm, Market, Pearl, Griffin, Wood, Jackson, Pacific, Ross, San Jancinto, Lamar, Record, Houston, Austin, Field, Commerce, Akard, Ervay, Saint Paul, Harwood, Federal, Olive and Bryan streets. With an area of about 1.4 square miles, the DID is comprised of 576 parcels mostly used for commercial and office uses. The area in home to more than 61,500 jobs and high-rise office buildings such as Bank of America Plaza, Renaissance Tower, Comerica Bank Tower, JPMorgan Chase Tower, and Thanksgiving Tower. As shown in Figure 1 , few blocks in the North and South sides of the study area were excluded per request by the City of Dallas, our sponsor for this project, mainly due to being parking lots and not much of walking happening in these block faces, which was confirmed by our observation, and not many buildings and urban design qualities exist in these blocks.
Ervay, Saint Paul, Harwood, Federal, Olive and Bryan streets. With an area of about 1.4 square miles, the DID is comprised of 576 parcels mostly used for commercial and office uses. The area in home to more than 61,500 jobs and high-rise office buildings such as Bank of America Plaza, Renaissance Tower, Comerica Bank Tower, JPMorgan Chase Tower, and Thanksgiving Tower. As shown in Figure 1 , few blocks in the North and South sides of the study area were excluded per request by the City of Dallas, our sponsor for this project, mainly due to being parking lots and not much of walking happening in these block faces, which was confirmed by our observation, and not many buildings and urban design qualities exist in these blocks. 
Data and Variables
The research team collected field data during the spring and summer of 2016 for 402 block faces from 3.00 pm to 7.00 pm. D variables were also measured using ESRI GIS and Network Analysis.
Urban Design Variables
This study used the same methodology developed by Ewing and Clemente (2013) [13] to quantify the urban design qualities. The original study by Ewing and Clemente (2013) involved 1) recruiting an expert panel of 10 urban designers and planners; 2) creating a library of 200-plus video clips of streetscapes around the U.S.; 3) selecting 48 representative clips to show to the expert panel; 4) having the expert panel rate urban design qualities of videotaped streetscapes with respect to urban design qualities; 5) measuring physical features of streetscapes from the video-clips; 6) statistically analyzing relationships between physical features and urban design quality ratings by the expert panel; 7) selecting five urban design qualities namely complexity, imageability, transparency, human scale, and enclosure; and 8) developing, testing, and refining a field manual that laid out procedures for measuring these qualities [14] . The five urban design qualities that survived this process are listed in Table 1 . 
Data and Variables
Urban Design Variables
This study used the same methodology developed by Ewing and Clemente (2013) [13] to quantify the urban design qualities. The original study by Ewing and Clemente (2013) involved (1) recruiting an expert panel of 10 urban designers and planners; (2) creating a library of 200-plus video clips of streetscapes around the U.S.; (3) selecting 48 representative clips to show to the expert panel; (4) having the expert panel rate urban design qualities of videotaped streetscapes with respect to urban design qualities; (5) measuring physical features of streetscapes from the video-clips; (6) statistically analyzing relationships between physical features and urban design quality ratings by the expert panel; (7) selecting five urban design qualities namely complexity, imageability, transparency, human scale, and enclosure; and (8) developing, testing, and refining a field manual that laid out procedures for measuring these qualities [14] . The five urban design qualities that survived this process are listed in Table 1 . We measured all urban design features associated with each quality using the field manual from the original study. The field manual provides a step-by step instruction on how to collect data for each urban design feature presented in Table 1 . Next, we used the coefficients from the original study, presented in Table 1 , to compute the value of urban design qualities based on the list of significant physical features. However, the equation was modified to exclude the number of people in imageability and complexity equation since these counts will be used as dependent variables in the next step to examine the relationship between these qualities and pedestrian volume. Examples of high and low scored block faces for each urban design qualities are demonstrated (Figure 2) . 
D variables
We calculated the D variables for a network buffer of quarter mile around each block faces using GIS Network Analysis. A description of the data and their sources is presented in Table 2 . To 
We calculated the D variables for a network buffer of quarter mile around each block faces using GIS Network Analysis. A description of the data and their sources is presented in Table 2 . To Sustainability 2019, 11, 2720 7 of 14 operationalize destination accessibility, we employed the Walk score data extracted from Walk Score, Inc. This website weighs the neighborhoods based on their proximity to amenities within a quarter mile distance and reduces the score as the distances increase to one mile and half, creating scores between 0 to 100. The algorithm weights vary for different amenities; for instance, in comparison to a bookstore, a grocery store weight was three times more, depending on the distance half mile, one mile, and one and half miles. 
Pedestrian Activity
In this paper, the number of people, walking no the specific street segment, is the dependent variable which have been counted over a period of 30 minutes for each block faces from 4:30 to 7:00 pm, adapted from the ITE Trip Generation Manual [38] , accounting for peak versus off-peak hours. A single standing person centered in the middle of a block face recorded the pedestrian counts, using a counter. Individuals who were walking, sitting, standing, running, or biking were included during typical weekdays from Monday through Thursday. Friday, Saturday and Sunday were excluded to have a representation of activity during weekdays. According to the ITE Trip Generation Manual, the trip generation rate on Fridays is generally higher than other weekdays and, therefore, Friday may not represent a typical weekday [38] . Moreover, as recommended by the ITE Trip Generation Manual [38] , the scheduled counting days were cancelled when there was an inclement weather forecast. For some block faces, pedestrian counts were zero and some were recorded to have higher pedestrian counts, Sustainability 2019, 11, 2720 8 of 14 which can be attributed to the office spaces and DART stations. Figure 3 shows the spatial distribution of pedestrian counts in the study area. 
Other Control Variables
In this study, we also developed and included metrics specific to the city of Dallas, including the number of active patios, width of the sidewalk, the number of homeless people and proportion of covered sidewalk (street canopy), employment concentration, and number of parks. We defined the active patio as an outdoor facility that has unfolded chairs and open umbrellas but without any dining capacity. Employment concentration measures the number of jobs within a quarter mile buffer around each block face using the Longitudinal Employer-Household Dynamics (LEHD) data. Finally, we controlled for the number of parks within a quarter mile buffer around each block face.
Statistical Methods
The key goal of this study is to investigate the relationship between urban design qualities and pedestrian volume (defined as the number of pedestrians counted within a 30-minute time frame) in Downtown Dallas. The pedestrian counts reported for the block faces ranged from very low to high (0 to 433), with a standard deviation of 47.86 and a mean of 38.37.
Since the dependent variable is a non-negative count, negative binomial and Poisson, as two types of generalized linear models, are most often used [39, 40] . These two methods have different assumptions regarding the distribution of the dependent variable. Poisson model is used when the variance of the dependent variable and the mean are assumed to be equal, whereas Negative binomial is a preferred method when there exists an over-dispersion, implying that the mean is less than the variance. We calculated the dispersion statistics by dividing the Pearson and chi-square statistics by the degrees of freedom (d.f.), as an over dispersion indicator. If the number is greater than 1.0, we can conclude that the model is over-dispersed [41] . The applicable model for this study is a negative binomial model since we observed over-dispersion (19.77) in the pedestrian counts.
This study also controls for spatial autocorrelation, occurring when a variable's value observed at one area tends to impact the values in proximate locations [42] . Essentially, pedestrian activity occurring in one segment of the street can be deemed as interrelated to other pedestrian activity 
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Statistical Methods
This study also controls for spatial autocorrelation, occurring when a variable's value observed at one area tends to impact the values in proximate locations [42] . Essentially, pedestrian activity occurring in one segment of the street can be deemed as interrelated to other pedestrian activity observed in proximate segments of the street. To conduct our statistical analyses and account for the spatial correlation to increase the validity of our statistical modeling, we used 'R', a statistical software package capable of running spatial statistics.
To test for spatial autocorrelation, we used a widely adopted statistical procedure called Moran's I spatial statistic. While a Moran's I statistic ranges from −1 to +1, it indicates the spatial autocorrelation's strength of a given variable [43] . In this study, the calculated Moran's I statistic for the data is 0.198; with a p-value of 5.378 × 10 −8 for the residuals of the Negative Binomial regression model. The calculated value shows that a significant and positive spatial relationship exists and should be addressed in the modeling process.
We employed a commonly used technique to address spatial autocorrelation for spatial filtering, which separates the spatial effects of a variable from its non-spatial effects. An appropriate approach to detect and remove spatial autocorrelation from the residuals of generalized linear models is the Moran Eigenvector (ME) filtering function. Using ME function, one eigenvector was added to the negative binomial model. As a result, the significance of Moran's I statistic decreased with a p-value of 0.001, while the coefficients of independent variables remained intact. This ensured the elimination of the spatial correlation in the model to a great degree, while adding to the validity and predictability power of our model.
Results
The results of the Negative Binomial analysis are shown in Table 3 . Our finding shows that in most cases built environmental D variables have the expected sign and are significantly associated with pedestrian counts which is consistent with the literature [15] . Buffer Intersection Density and Distance to Transit are the most important correlates of pedestrian volumes. Fitted * is the spatial variable created through the spatial filtering to control for spatial autocorrelation.
As shown in Table 3 , buffer floor area ratio (far) is significantly related to pedestrian counts. One-unit increase in buffer far increases the number of pedestrians by 0.06 percent. Additionally, block face entropy carries the expected strong, positive relationship to pedestrian numbers, and for every percentage increase in the entropy value, the pedestrian volume increases by 0.63 percent.
Turning to the independent variables of greatest interest, urban design qualities, we found that transparency and imageability positively and significantly influence pedestrian counts. This is consistent with an SLC study in which the same two qualities reported to be significant while partially confirms the NYC study findings that stated only transparency as a significant correlate of walking [13] . Finding similar patterns in Dallas and SLC, but not in New York, is not surprising. New York is the most walkable city with highest walking mode share and is an extreme outlier in terms of walkability while the other two cities are more representative of a typical American city.
As the coefficients show, one-unit increase in transparency increases the pedestrian counts by 0.47 percent and one-unit increase in imageability increases the number of pedestrians by 0.12 percent. Of the other urban design qualities, complexity, and enclosure have the expected positive sign but are not significantly while enclosure approaches the significance level.
Human scale is the only urban design quality with negative unexpected sign and is insignificant. This might be due to the nature of downtown Dallas with tall office buildings that block human sight and also due to the lack of enough planters in most of block faces in the study area. Additionally, two physical features included in the operationalization of this quality overlap with two other qualities, enclosure and transparency (See Table 1 ). Even though we controlled for multicollinearity, these variables could interact with each other.
Our analysis has several limitations. We only included peak-hour pedestrian counts in this study. The unique nature of downtown area with dominant office use in most buildings affects the number of pedestrians in peak hours versus off-peak hours. Additionally, the field manual borrowed from NYC and SLC studies is relatively subjective in a few cases, which could affect the reliability of our observations. For example, the proportion first floor with windows were subject to observer estimations. Finally, there may be other contextual factors such as morphology, water and vegetation factors, etc. that could influence pedestrians' use of the space. Our study does not control for these factors, although we have included a number of contextual-related variables such as the proposition of covered sidewalks due to relatively hotter weather and more rainy days in spring and fall in Dallas. Further studies are needed to overcome these limitations and also to provide a broader understanding of people's perception and preferences of these qualities through surveys and interviews.
Discussion and Conclusions
This study seeks to investigate the impacts of urban design qualities and street-level built environmental factors on the number of pedestrians in a less walkable urban area. Compared to neighborhood-level built environmental variables, there is little understanding on how street-level perceptual qualities might affect walkability. Existing studies that focus on measuring the quality of the walking environment are largely designed based on developing audit instruments for measuring sidewalk, architectural, and landscape features associated with walkability [44] [45] [46] [47] [48] [49] [50] , while few of them have been systematically validated against the actual walking [46] . More recently, researchers have sought to take advantage of advancement in technology and have used virtual audit tools such as Google Street View [47] [48] [49] [50] . Both field and virtual audit instruments have been widely used by researchers and local governments and provide the most detailed information about the built environmental determinants of walking and physical activity.
However, there still remains a major shortcoming in the literature. Physical features such as building height, street and sidewalk width etc. do not capture the pedestrian's perception of the walking environment and do not explain much about the actual experience of walking. Perceptual qualities are complex and could have relationships with several physical features presented in walking audits. Much of the literature on people's perception of walking comes from the survey questionnaire-based studies asking people directly about their perception towards the walking environment [51] .
Our extensive search of literature found only one study conducted by Ewing and Clemente (2013) [14] that explored and quantified the relationship between the physical features, which could be obtained through the existing walking audit instruments, and perceptual qualities suggested by the urban design literature [27] [28] [29] . While their study is pioneering this line of research, there is little empirical evidence on whether, and to what extent, the perceptual qualities developed in their study are associated with the actual walking behavior of pedestrian in the streets. Our study aimed to address this gap and explore the relationship between urban design qualities and pedestrian activity in 402 street segments in Downtown Dallas.
Our findings indicate that imageability and transparency, among five urban design qualities, were significant for walkability. Imageability proved to be significant both in this paper and in Salt Lake City study, as the quality and distinctive features of a place that helps people recognize it. People, signs, identifiers, and strong landmarks can make a street distinctive and memorable, whereas few pedestrians, lack of outdoor dining, and lack of landscape and vistas create low imageability values.
Transparency is the only urban design quality that significantly and positively explains walking in all three cases studies including New York, NY; Salt Lake City, UT; and Dallas, TX. Our measure of transparency incorporates three operational variables: the proportion of first floor façade with windows; the proportion of active uses at street level; and the proportion of street wall along the frontage. Active uses are defined as shops, restaurants, public parks, and other uses are significantly associated with the pedestrian traffic while inactive uses such as blank walls, driveways, parking lots, vacant lots, abandoned buildings, and offices with no apparent activity could discourage walking. Similarly, facades set back by parking or lawn and driveways are not welcoming for pedestrians.
To achieve this broader definition of transparency, codes will need to be restructured in a more fundamental way. What comes immediately to mind are the requirements and restrictions of form-based codes. Many provide for windows, active uses, and street walls. One of the best known and most successful applications of form-based codes is Arlington County's codes for the Columbia Pike Special Revitalization District. The code requires a minimum of 60 percent of the façades storefronts to allow views into the buildings. Ground floor windows may not be made opaque by window treatments.
Planners and designers could adopt our findings to develop a comprehensive framework for improving pedestrians' experience particularly with regard to transparency. Our findings urge urban planners and policy makers to pay attention to the design features of sidewalks and streets. Physical features such as public arts, historic elements, inviting street furniture, plaza and landmarks, appealing signage, and even building ornaments make our streets distinctive and memorable (imageable) and hence more inviting for pedestrians. Physical features such as transparent windows and active ground floor are welcoming for pedestrians while reflective widows, arcades, and wide setbacks detract it. Incorporating these policies in site design and transportation planning will lead to higher quality walking experience for pedestrians.
Walking is widely known as a sustainable mode of transportation with many social, environmental, and health benefits to the individuals and the society. Numerous studies have confirmed the role of walking on reducing obesity and other chronic diseases [52] , reducing greenhouse gas emissions [53] , and increasing social equity and economic vitality [54] . Despite these benefits, walking mode choice is declining in most American Cities and this trend, in large part, has to do with the built environment [55] . Planning for more walkable cities and neighborhoods through changing the land use characteristics of the built environment such as development density, land use diversity, and street network connectivity are very expensive and take a very long time, in most cases decades, to happen. Improving streetscape features and changes in the zoning to facilitate the integration of urban design qualities such as more proportion of windows in the ground floor could significantly increase the walkability, while also bringing economic opportunities to the area. Our findings draw policy makers' attention to creating more appealing and walkable places through the implementation of these urban design features.
